ABSTRACT To determine the effect of angioplasty-induced arterial injury on regional coronary blood flow, resting and postocclusion reactive hyperemic flows were measured in the left anterior descending (LAD) and circumflex (LCx) 710 roscopic mural thrombus formation,"' 12, 14 little is known about the effect of angioplasty on regional coronary blood flow. The purpose of this study was to determine the effect of angioplasty-induced endothelial denudation vs medial injury on regional basal and hyperemic coronary blood flow.
THE MORPHOLOGIC CONSEQUENCES of coronary angioplasty consistently include splitting of the atheromatous plaque and stretching of the media and adventitia. These have been described in both animal preparations'-5 and in human postmortem arteries. [5] [6] [7] [8] Electron microscopic examinations have also demonstrated that angioplasty produces endothelial denudation followed by rapid platelet deposition. " 915 Occa- sionally, local arterial injury results in vasospasm or thrombosis. 15-17 Possible contributing mechanisms include decreased production of prostacyclin'8' 19 or endothelium-derived relaxing factor20' 21 by endothelial cells or increased local release of serotonin, 22, 23 thromboxane, '8' 24, 25 or other factors by activated platelets. Although it has been shown that endothelial denudation potentiates vasoconstrictor responses15, 26, 27 and that medial injury produces mac-roscopic mural thrombus formation,"' 12, 14 little is known about the effect of angioplasty on regional coronary blood flow. The purpose of this study was to determine the effect of angioplasty-induced endothelial denudation vs medial injury on regional basal and hyperemic coronary blood flow.
Methods
Protocol. Mongrel dogs of either sex weighing 25 to 35 kg were anesthetized with intravenous sodium pentobarbital (35 mg/kg) and ventilated with room air via a Harvard respirator. Electrocardiographic limb leads were attached to monitor heart rate and rhythm. The left carotid artery and jugular vein were dissected free for 2 to 3 cm. An intravenous catheter was placed in the vein for fluid and drug administration. A No. 9F angiographic introducer sheath was placed in the artery for introduction of angiographic catheters. A left thoracotomy was performed and the heart was suspended in a pericardial cradle. Then the proximal left anterior descending (LAD) and left circumflex (LCx) coronary arteries were dissected free for 2 cm, and appropriately sized and calibrated electromagnetic flow probes (Model EP200; Carolina Medical Electronics, King, NC) were placed on each artery. A pneumatic cuff occluder was placed distal to each flow probe. A high-fidelity micromanometer catheter (Millar Instruments, Houston) was passed through the apex of the heart into the left ventricular cavity to measure systolic blood pressure, left ventricular end-diastolic pressure, and the first derivative of left ventricular pressure (dP/dt).
Continuous recordings of heart rate, systolic pressure, left ventricular end-diastolic pressure, dP/dt and LAD and LCx blood flow were obtained on an eight-channel physiologic recorder (Model 2800S; Gould Electronics, Cleveland derived relaxing factor and the degree of platelet activation induced by endothelial denudation alone have little physiologic effect on blood flow in an intact circulation without coronary stenoses or atherosclerosis.
Medial injury. The vascular injury resulting from angioplasty consistently includes splitting and stretching of the media with subsequent smooth muscle cell necrosis. -8, 11 Quantitative platelet deposition after medial injury is increased at least 10-fold compared with that stimulated by endothelial denudation alone. 14-'5 Qualitative evidence of this phenomenon is demonstrated in the present study. Furthermore, this study demonstrates that LAD medial injury results in a significant decrease in hyperemic coronary blood flow in both the LAD and LCx. Prevention of platelet deposition and hyperemic flow changes by aspirin implicates a platelet-associated mechanism as the major stimulus for the blood flow perturbation.
The exact mechanism by which hyperemic blood flow was decreased after medial injury remains under investigation. Arterial thrombosis did not occur. The cyclic reductions in coronary blood flow attributed to episodic embolization of platelet-fibrin microthrombi in stenotic arteries was not seen. The parallel decrease in hyperemic blood flow in both the LAD and LCx suggests that a circulating substance may have changed coronary arteriolar resistance. Since intercoronary collaterals are numerous in the dog, and usually epicardial in location, it is likely that cross-circulation occurs between the LAD and LCx.31' 32 Prevention of the decrease in hyperemic blood flow by pretreatment with aspirin suggests that products of the cyclooxygenase pathway of prostanoid metabolism are involved. ' This study adds perspective to previous studies showing platelet-thrombus deposition after medial injury 1 12, 14, 15 by demonstrating an associated decrease in hyperemic blood flow that was inhibited by aspirin. Previous studies attempting to evaluate platelet inhibition therapy during angioplasty in which only endothelial denudation was accomplished' 37 did not reproduce the deep arterial injury resulting from angioplasty and therefore were inconclusive, probably because platelet deposition was not adequately stimulated. The conclusion by O'Gara et al.37 that platelet function after angioplasty could not be studied in the canine preparation is disputed by our study, which reproduced the arterial injury caused by angioplasty, showed both platelet activation and reactive hyperemic flow changes, and demonstrated inhibition of platelet activation and flow changes with aspirin.
Limitations. In this study we used electron microscopy to evaluate platelet deposition qualitatively in the dog coronary artery instead of using the quantitative LABORATORY INVESTIGATION-CORONARY ANGlOPLASTY techniques employed by the investigators evaluating deep arterial injury in the pig carotid artery. " 12, 14, 15 Since both preparations are able to produce medial injury and to cause a several-fold increase in platelet deposition, the qualitative technique used in this study is probably sufficient. The angioplasty technique in this study is actually more reproducible in producing medial injury because balloon inflation pressure was adjusted in each artery rather than held constant regardless of arterial size. Also, the degree of injury is probably less significant, since no total or near thrombotic occlusions occurred, as were reported for the other preparation. 14 angioplasty are greater than they are after angioplasty in a nonatherosclerotic animal artery.'4 Therefore, the decrease in hyperemic coronary blood flow described in this report might be less than it would be in patients not pretreated with aspirin before angioplasty.
In summary, endothelial denudation results in relatively mild platelet deposition and no change in resting or hyperemic coronary blood flow. In contrast, medial injury results in relatively marked platelet deposition and a significant decrease in hyperemic blood flow, both of which are inhibited by antiplatelet therapy with aspirin. This study suggests that this canine preparation can be used to test the efficacy of antithrombotic or other platelet inhibitor drugs in angioplasty.
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